Abstract: The thermo-elastic contact characteristics of standard spur gears with the ANSYS software's Indirect coupling analysis method and achieve the limit state function of contact strength of tooth surface with the response surface method. It also studies the probabilistic sensitivity of the limit state function to the random variable with the reliable and sensitive analysis method of Monte Carlo and to achieve the Sensitivity information of various random factors on the reliability of contact strength of tooth surface under thermo elastic coupling state. Research results show that in the reliability design process the randomness of the temperature of the oil gas mixture in the accessory casing can be neglected and the constant treatment. It can effectively improve the gear tooth contact strength reliability through Increase the contact stress of the tooth surface, Reduce gear torque, Choose the gear material with smaller linear expansion coefficient and lower oil supply temperature and reduce the discrete range of random variable at the same time.
Introduction
With the development of aviation accessory drive to high speed and heavy load. A large amount of friction heat is generated by the gears mesh and formed a larger temperature gradient on the gears. Uneven temperature field distribution will cause thermal deformation. And superposition with the elastic deformation of the gear meshing, So it changes the stress state and contact tooth contact. Temperature field and thermal deformation of gear tooth are influenced by gear speed, transmission power, lubricant used, cooling facilities and the actual operating conditions, and other random factors. Meanwhile, These random factors also determine the contact state and the elastic deformation of the tooth surface when gear mesh [1, 2] . These random factors are the root cause of the change of the contact stress of the tooth surface and has a great influence on the reliability of contact strength of tooth surface. Therefore, it is important to study the sensitivity of various random factors to the reliability of the contact strength of the tooth surface in thermal condition [3] . When the distributed parameter of random variable are determined, the influence of random variables on the structural limit state function can reflect the influence of the random variable on the structural reliability. So we can effectively simplify the reliability sensitivity analysis work of complex structures. According to the results of reliability sensitivity analysis, we can regard the low sensitivity of the random variables as constant ,Simplify the factors of reliability design, improve the efficiency of reliability design. It is also suggested that the design parameters should be modified to improve the reliability of the structure and how to modify the design parameters. In this paper, the indirect coupled analysis method of ANSYS software is used to study the thermo elastic contact of a standard spur gear. The limit state function of contact strength of tooth surface is obtained by response surface method. Monte Carlo reliability sensitivity analysis method is used to study the probability sensitivity of each random variable to the limit state function. We can obtain sensitivity information of the reliability of the contact strength of the tooth surface with various random factors in the thermo elastic coupling condition [4, 5] .
International Conference on Manufacturing Science and Engineering (ICMSE 2015)
Response surface-the reliability sensitivity analysis method of Monte Carlo
If we use the simulation method of Monte Carlo to cycle call directly. The finite element model of the calculation of a large amount of work, especially low probability problems often require more simulation times. The influence of the random variable on the structural reliability can be reflected by influence of the random variable on the structural limit state function. In this paper, the limit state function is obtained by using response surface method and the Monte Carlo sample is generated. The reliability sensitivity analysis method of the structure is accomplished by Carlo Monte simulation of the limit state function. This method is called the response surface-the reliability sensitivity analysis method of Monte Carlo.
By determining the distribution function of the random input variables and determine the actual range of the random input variables; Respectively measure the variation ranges of the model results are brought by the random input variables. Therefore, There are two factors that directly affect the results of probabilistic sensitivity analysis: discrete range of gradient and random input variables X express random input variable Y express model results. If X has a given discrete range, Then the Y discrete range is larger. The slope of the line is greater. As shown in Figure 1 (a) (The results of different models are represented by 1 Y , 2 Y in the graph);But when X has a large discrete range, Y with the same slope may also have considerable variation, as shown in Figure 1 C 0 、C i 、C ij (i = 1…NR ; j = i…NR) is undetermined coefficient, A total of NR+ 1 + NR(NR + 1) / 2. G(X) the results represent the increase the reliability of the structure. G(X) the results represent the reduce the reliability of the structure. By studying the influence of each random variable and the degree of its influence. The sensitivity information of the random variables on the reliability of the structure can be obtained.
Calculation example
Known in the accessory drive system, A pair of engaged standard spur gears, Active tooth number 1 z is 24.Driven tooth gear number is 38,Gear modulus m is 3 mm, Pressure angle is 25°, Breadth of tooth is 18mm,Gear material is 16Cr3NiWMoVNbE.Assembly temperature of accessory casing is 30˚C.Determine the working state, Linear expansion coefficient of the Gear material l α ,Lubricating oil temperature in t ,Temperature of oil and gas mixture in accessory is mix t ,The active gear torque M and contact stress of tooth surface lim p are random variables, Assumed that the random variables are subject to normal distribution. The mean and standard deviation are shown in Table 1 . Table 1 Figure 3 . Equivalent stress cloud of the active gear and the driven gear Probability level arep 1 = 0.1、p 2 = 0.5、p 3 = 0.9, Sample the sample points are generated according to the random variable Box-Behnken [6] sampling method in Table 1 , As shown in Table 2 . Figure 4 Sample history of Figure 4Y 
Conclusion
The sensitivity of the reliability of the random variables to the contact strength of the tooth surface under the thermo elastic coupling state is studied by using the method of response surface and Carlo Monte reliability sensitivity analysis. The reliability sensitivity analysis of complex structures can be simplified by this method.
In the reliability design process, The randomness of the temperature of the oil gas mixture in the accessory casing can be neglected and the constant treatment; By improving the contact stress of the tooth surface, reduce gear torque, select the gear material with smaller linear expansion coefficient and lower oil supply temperature, At the same time reduce the discrete range of the random variables, Can effectively improve the contact strength reliability of the tooth surface.
